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Abstract 
This paper addresses the need for means to clearly and unambiguously specify the concept of learning object (LO) by proposing 
and validating a Formal Learning Object Model (FLOM). FLOM makes it possible to formally specify the components 
considered essential in a learning object, as well as the development process of learning objects, which is necessarily 
collaborative.  In order to accomplish this, FLOM relies on a composition model and a group model.  The composition model 
describes the elements that make up a learning object and the way these elements must be assembled in order for them to be 
meaningful to a learner.  The group model is based upon diagrams that identify roles and activities involved in the construction of 
LOs. As proposed, FLOM provides a notation that precisely characterizes learning objects on both component and interaction 
levels. Validation of FLOM has involved the implementation of a prototype as well as experimentation with actual learners. 
Initial results reveal the potential of collaboration in learning environments. In particular, learners in our model adopt an active 
role in the process of generating learning objects. This is a key shift that emphasizes the notion that learners demonstrate how 
well concepts have been mastered by designing LO components that convey their experience to other learners. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Research and Education Center. 
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1. Introduction 
Learning objects stand out among educational technologies that have been adopted widely in academia and 
industry. Because of their high visibility, researchers have been studying several aspects of learning objects (LOs) 
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have been studied by researchers in the field, including major characteristics, life cycles, granularity, metadata 
standards, and tools for construction and administration. However, one topic that has not been addressed sufficiently 
in the literature is the formulation of a model that allows for a univocal description of the components considered 
essential in a LO, and also specifies the interactions and collaboration among actors involved in LO construction and 
use. 
In order to formally specify a system, it is necessary to start from a conceptual model that describes the important 
elements appearing in such system. Formal specifications use mathematical notation to precisely describe the 
properties that an information system should have, without detailing the way in which these properties are reached 
(Ledru, 1996). Formal specifications are of great importance because through mathematical notation, the properties 
that a system should have can be exactly represented without excessively restricting the way in which such 
properties are reached. Through a formal model, it is possible to verify whether a system complies with properties 
such as restartability, equivalence, visibility, consistency or decidability (Bowen and Hinchey, 1995). A formal 
model that precisely describes LOs is needed in order to specify their basic components as well as the interactions 
that should take place among the actors involved in their development process. On the basis of this formal model, it 
should also be possible to develop a system for generating LOs. 
In this paper, we address the need for formalization in LOs by introducing our Formal Learning Object Model 
(FLOM) and discussing its components and applications. 
2. Related work 
In this section, we discuss briefly salient projects that have addressed issues in the composition and formal 
construction of LOs. A complete survey of the area can be found in (Perez-Lezama 2012).  
A methodology for generating LOs beginning with objects already in existence is presented in (Bouzeghoub et. 
al., 2006). The technique is based on a three-level model which includes: a model of the domain, which represents 
the concepts covered by the LO, a learner model, which maintains the profile of the learners, and learning object 
model, which describes the content of the LO related to the domain model. However, how the LOs that already exist 
in the repository are composed and generated is not reported. 
Farmer and Hughes (2005) present an algebra-based framework for formally constructing learning object 
assemblies using CASE analysis (Cognition, Activity, Social Organization, and Environment). They define a LO 
with CASE attribute types; however, they do not provide further details on these attributes. Hernandez et. al. (2008) 
use UML notation to describe the various aspects of representation of a LO. The model is based on a multi-facet 
representation of documents by using three ontologies: ontology of theme, ontology of the tasks, ontology of the 
educational theories and a LOM/SCORM description. The proposed ontologies are represented in OWL. The 
different system actors (teachers, learners) and their tasks are considered. The model includes a semantic 
representation and search for relevant learning objects using LOM application profiles. 
Santacruz (2005) describes a model for generating, assembling, and reusing the LOs. It consists of a content 
model, an assembly process for the LOs, and a reutilization process of the LOs.  The content model is made up of 
Information Units, Content Units, and Didactic Units, each component of which comprises a multilayer structure 
with a distinct granularity level (L0, L1 and L2). The assembly process describes the way in which the different 
types of components of the content model are related.  This model does not include details on LO creation. 
These methodologies describe, to a lesser or greater extent, a LO and its components. As for the user model, we 
can observe that in all methodologies shown, the generation of LOs lies with the facilitator while the learner only 
focuses on using them. None of the models defines development stages for the LO. With respect to model validation, 
Hernandez illustrates the validity of his model through a use case, whereas Santacruz validates her model by 
comparing it with other existing models. There are important limitations in the models just discussed, namely: a) 
Absence of the learner in the process of creating LOs. b) Lack of formal specifications to describe how participants 
interact in the development process of LOs. c) Informal validation of the proposed models. d) Models are not 
accompanied by development methodologies of LOs. e) Computer tools have not been used for validation of the 
model’s feasibility. In our proposal, we expect the learner to take an active role in the development of LOs, since one 
way to demonstrate that something has been learned is by demonstrating the ability to teach this to others. In the next 
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section we present a model that overcomes the limitations mentioned above and provides a basis for evaluating 
existing LOs and guiding the construction of new LOs. 
3. A Formal Model for Learning Objects 
We have developed a model for the collaborative development of LOs in which the facilitator defines the LOs 
that should be generated for a specific learning goal, while the learner creates the LOs by taking into account the 
facilitator’s specification. We refer to our approach as Formal Learning Objects Model (FLOM). FLOM comprises a 
composition model and a group model.  The “Composition Model” presents all aspects related to the structure of the 
LO, while the “Group Model” describes the behavior of participants of LO development. This latter model 
highlights aspects of interaction and the description of roles and tasks assigned to each role. 
3.1. LO Structure 
In our view, a LO represents the knowledge acquired after understanding, applying, synthesizing, and evaluating 
a specific topic. Thus, a LO must consist of six elements: The learning objectives to be accomplished, the skills or 
competencies the learner will acquire, the competencies needed for its use, the actual educational content, the 
activities a learner should carry out in order to acquire knowledge or develop competencies, and the means to 
measure whether new knowledge has been acquired. These components are summarized in Table 1.  
Table 1. Components of a LO. 
Element Description 
Learning objectives The educational goals that must be reached after using the LO. 
Competencies/ Skills The abilities, attitudes and values acquired after interacting with the LO. 
Prerequisites The knowledge or competencies the learner should have acquired previously in order to 
be able to take advantage of the LO 
Content The digital resource that make up the LO, including their sequencing and the navigational 
information on such resources. 
Practice The tasks the learner must perform while interacting with the LO. 
Evaluation The mechanism designed to measure knowledge acquired after interacting with the LO 
3.2. Composition model 
Taking into account the models presented in Section 2, which suggested how to assemble a LO, we developed an 
architecture defined by four major layers, which describe the elements of a LO and how they must be assembled in 
order to produce meaningful resources. The model consists of (1) Digital objects (DOs), which are context-free 
multimedia objects, such as images, videos, text or audio; (2) Information objects (IOs), which comprise assembled 
Dos; (3) Learning objects (LOs), which are assembled from at least four IOs: a learning objective IO, a content IO, a 
practice IO and an evaluation IO, and (4) learning collections (LCs), which are groups of LOs under the same 
context and with common learning objectives. A graphical specification for this hierarchy of concepts has been 
expressed via UML diagrams (Perez-Lezama 2012) but is omitted here for space reasons. 
3.3. Group model 
Our group model was developed after identifying roles, tasks, and interactions among users. Fig. 1 shows how 
actors are organized and what roles play  during the development of LOs. There are three main players in this group 
model: the administrator, who is in charge of managing courses and participants of each course; the facilitator, who 
is in charge of offering the course; and the learner, who is taking the course in order to develop new competences. 
All cited actors play a specific role focused on generating LOs. 
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Fig. 1. The Group model of FLOM. 
4. A methodology for constructing LOs 
We have developed an instructional design methodology that is based upon the conceptual model just discussed, 
and is an adaptation of a generic instructional design model into a spiral model where the facilitator and the learner 
collaborate in order to create significant LOs. This was first reported in (Perez-Lezama and Sanchez, 2010). The 
main idea is to develop LOs in a continual design-evaluation cycle. This cycle is considered to be iterative, implying 
that learning objects are continually improved as the cycle continues. Our methodology comprises six phases: (1) 
Analysis, in which facilitators define the topic to be included in a course and the LOs that will cover each topic 
based on the learning objectives established; (2) Design, in which the learner should outline the content of the LO, 
and the learner should search the multimedia resources to be included in the LO; (3) Development, in which the 
actual creation of learning materials is completed, (4) Evaluation, during which the effectiveness of LOs is assessed; 
(5) Feedback, so the instructor provides feedback on the quality of LOs; and (6) Deployment, during which LOs are 
delivered and distributed to a group of learners. 
This instructional design model is a spiral representation of the LO lifecycle, as we consider this to be a 
continuous process of refinement and improvement of the resulting LOs. The main features of our methodology are 
the following: (a) It can be applied to the creation of courses and instructional materials of different kinds; (b) it 
includes sequential and interrelated phases; (c) the product of each phase is the input material of the next phase; (d) 
it is cyclic and iterative, because after the instructor provides feedback about the quality of the LO developed, the 
learner should redesign the LO, in a continuous cycle until it is considered ready for release. 
5. FLOM Validation 
A prototype for validating the applicability of FLOM and obtaining further insight into the LO development 
process, has also been designed and implemented. Our prototype, referred to as FLOM-Tool, demonstrates how 
FLOM can be applied. The main functions that FLOM-Tool implements can be summarized as follows (see Fig.2): 
1) Course Design. The designer can add, visualize and delete topics. 
2) LO Design. The tool allows the facilitator to define each LO, including code, didactic technique as well as 
practice and evaluation suggested. 
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Fig. 2. FLOM-Tool functions. 
3) Metadata completion. The designer is also responsible for defining metadata of each LO taking into account 
the main categories of the LOM standard. 
4) LO Assignment. The designer will assign the LO to a developer, taking  into account the skills, interests and 
previous knowledge of each of their learners in order to make the right assignment. 
5) Resource search. The developers will seek multimedia resources for DOs that they want to incorporate to the 
LO. The tool allows for insertion of text, images in different formats, video and audio. 
6) LO Development. This activity incorporates DOs in predefined templates. The IOs created are sequenced in a 
logical manner in order to generate a finished LO. 
7) LO Previewing. Both the designer and the developer can visualize and execute the LO developed with the 
purpose of checking the correct integration of the LO. 
8) LO Evaluation. Both the designer and the developer will evaluate the quality of the LO developed. This task 
includes a feedback stage, in which the designer may send comments to the developer about the LO’s quality 
in order to be reworked. 
6. Experimental results and conclusions 
We conducted experiments with actual instructors and learners in order to further validate FLOM. Tasks were 
assigned to 6 students (4 males and 2 females), all majoring in Information and Communication Technology 
Engineering, two sophomore and one freshman, all others senior students. Tests were focused on following up use 
cases established for the definition and allocation of LOs by the teacher and for generating LOs allocated by the 
student. The test was divided into three stages: The first stage includes answering a pre-test questionnaire on the 
user’s background. The second stage presents tasks to be performed depending on whether the user is a teacher or a 
student. Teachers are asked to divide the course into topics and to define, for each topic: learning objectives, pre-
requisites, theoretical and practice elements and learning objects. Student tasks are focused on identifying steps to be 
followed for the correct creation of a complete LO, including learning goal, content, practice and evaluation. 
Finally, users were asked to answer a post-test questionnaire with the purpose of sharing their use experience and 
personal appreciation of the system. 
The FLOM-Tool environment was in general well appreciated by participants, since they found it easy to use and 
learned its functionalities effortlessly. Learners were able to perform their assigned tasks without any serious 
difficulty. Most of the students felt more involved during the learning-teaching process, since they actively 
participated in the development of the objects instead of being only end users. The tests we applied demonstrate that 
when the activity is finished, learners have learned not only to develop LOs (i.e., to build LOs), but also to create 
learning objects in a collaborative way, thus socializing and generating knowledge. This scheme offers the 
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possibility to build knowledge through reviews by different people, promoting the generation of learning 
communities. 
FLOM, presented in the above sections, details the components required for constructing a LO to be formally 
defined, establishes the tasks and roles involved during the development process of the object, and describes the 
interactions that occur among such actors. FLOM can serve as a guide for the development of LO authoring systems 
because it unequivocally defines the components of the LO and formally establishes who should participate during 
the generation of LOs. 
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